Objective: To evaluate the effectiveness of transvaginal cervical cerclage in singleton pregnancies with cervical incompetence, determine the predictive factors of success and failure, and then compare elective and emergency cerclage. Study Design: This was a retrospective study of 62 patients who underwent cervical cerclage in The First Hospital of Jilin University, China, between May 2015 and January 2018. Successful group was defined as those who delivered live babies and failure group who experienced abortion or stillbirth. Results: Out of 104 patients, 62 met inclusion criteria. In 62 cases, 47 (75.8%) succeeded and 15 (24.2%) failed. In successful group, 21 (44.7%) women delivered pretermly and 26 (55.3%) termly. No severe complications occurred except cervical laceration (2, 3.23%), premature rupture of membranes (13, 20.97%). In 62 cases, 40 (64.5%) have ≤2 previous second-trimester losses and 22 (35.5%) have >2 previous second-trimester losses. No significant differences were found in neonatal outcomes. Analysis revealed that higher postoperative C-reactive protein and presence of premature rupture of membranes were the strongest predictors of cerclage failure. Among 62 cases, 48 (77.4%) were allocated in elective and 14 (22.6%) in emergency cerclage. Pregnancy prolongation was significantly more (P = 0.014) in elective group with no significant differences in premature rupture of membranes, neonatal outcomes (all P > 0.05) except Apgar score at 5 min (P = 0.042). Conclusion: Achieving 75.8% live births proves that transvaginal cervical cerclage is an effective and safe technique in prolonging the gestational age, improving the obstetric outcomes in singleton pregnancies with cervical incompetence under various cerclage indications. Postoperative C-reactive protein and premature Elective cerclage is more effective in prolonging the pregnancy compared to emergency cerclage, no significant differences are seen regarding neonatal outcomes and complications.
Introduction
Cervical insufficiency is described as the inability of the uterine cervix to support a full-term pregnancy due to a functional or structural defect of the cervix. It is most classically associated with painless, progressive dilatation of the uterine cervix in the second or early third trimester resulting in membrane prolapse, premature rupture of membranes (PROM), mid-trimester pregnancy loss, or preterm birth [1] [2] . Its incidence rate is between 0.1% -2% of the obstetric population and is estimated to account for 15% of the habitual abortion between 16 and 28 weeks [3] . It is an important contributor to preterm birth (PTB). PTB is estimated to be about 13 million worldwide annually, and more than 1 million infants die from its complications [4] . Although the neonatal care in China had improved dramatically over the past few years [5] , the survival rate of infants born before 28 weeks of gestation is <50% with the significant number of the surviving infants moderately to severely handicapped [6] [7] [8] . This creates an emotional and physical distress environment for the mother and her families. Therefore, it becomes a great challenge for the obstetricians to prevent the PTB and recurrent second-trimester losses caused by cervical insufficiency. Though controversial, transvaginal cervical cerclage remained the mainstay in the treatment of cervical incompetence for several decades. Some studies have reported that women who have undergone cerclage when compared with women with a similar history of cervical incompetence treated with bed rest or tocolytics, the former has had more favorable outcomes in the prolongation of pregnancy and neonatal survival [9] [10] .
In this study, we evaluate the effectiveness of transvaginal cerclage by McDonald's technique in singleton pregnancies and determine the predictive factors affecting its outcome, followed by the comparison of elective and emergency cerclage regarding prolongation of pregnancy, complications, and neonatal outcomes. This information may help the patient and her caretaker in making a decision whether to undergo transvaginal cervical cerclage either electively or as an emergency procedure. Among the inclusion criteria (n = 62), patients included in the elective group (n = 48, 77.4%) had the cerclage placed between 12 -16 weeks based on their poor obstetrical history and/or risk factors: a history of multiple prior preterm births and/or second-trimester losses (STL). Patients were allocated to the emergency cerclage group (n = 14, 22.6%) when the diagnosis of cervical dilatation and membrane protruding was made by physical examination as patients complained about pelvic pressure sensation or increased clear vaginal discharge and asymptomatic patients were diagnosed by cervical ultrasound screening (cervical length ≤ 2.5 cm; internal os ≥ 8 mm; funneling of cervix). All patients received McDonald cerclage under spinal anesthesia, performed by consultant obstetrician following exclusion of fetal anomalies and assessment of viability by ultrasound. Moreover, before placement, a high vaginal swab was taken for microbiological analyses, culture, and drug sensitivity. If active infections, treated with antibiotics before cerclage placement. After muco-cutaneous disinfection with mucosal disinfectant (betadine solution), Mersilene 5 mm tape (Ethicon, Figure 1 . Study population. Open Journal of Obstetrics and Gynecology Inc, Somerville, NJ) was placed circumferentially around the cervix in a purse-string fashion, while a sterile moist gauze was used with gentle pressure to replace the membranes into the uterus permitting insertion of the sutures and avoiding the risk of putting a needle through the amniotic sac causing rupture of membranes and hence, termination of pregnancy. Cerclage placement was considered successful if cervix closed to palpation with a measurable residual length of 2 cm or more. Generally, elective cerclage patients didn't receive preoperative or postoperative tocolysis, but all were given antibiotics preoperatively. In contrast, patients undergoing emergency cerclages placement were hospitalized preoperatively, given tocolysis (MgSO 4 , dydrogesterone, ritodrine), and treated with intravenous antibiotics preoperatively and postoperatively. Tocolysis was continued till uterine contraction stops or at least for 7 days postoperatively if delivery did not occur. No episodes of premature rupture of membranes encountered at the placement of cerclages. During the first week after the operation, the serum level of C-reactive protein (CRP) and the leucocyte count were determined including transvaginal ultrasonographic assessment of the cervix.
Methods
Postoperative management included bed rest, abstinence from intercourse, observation for pain and contractions, transvaginal ultrasonographic assessment of the cervix every 2 -3 weeks till 37 weeks, a monthly vaginal swab was withdrawn and active infections were treated with antibiotics. The sutures were removed at 37 weeks' gestation and patients were allowed to await spontaneous onset of labor, or induction of labor was proceeded when indicated, or when performing an elective cesarean section if indicated, and could have been removed earlier in emergency in case of preterm labor or in case of PROM with suspected infection. If there was any sign of preterm labor (i.e., regular uterine contractions and cervical dilatation despite the cerclage, preterm premature rupture of membranes), two consecutive doses of corticosteroid (betamethasone) were administered intramuscularly for fetal lung maturation in patients with gestational age 24 -34 weeks.
All the maternal medical records were reviewed and the following data were extracted and analyzed: maternal demographic factors(including maternal age, gravidity, parity, prior obstetric history),clinical data(cervical length and dilatation at the time of cerclage),operative details(gestation at cerclage, types of cerclage, and cerclage technique), suture to delivery interval, gestational age at delivery time, mode of delivery, complications after treatment, and neonatal outcomes data(fetal survival rate, term and preterm birth rate, neonatal hospitalization rate, neonatal death rate, neonatal birth weight, APGAR scores).
Firstly, the neonatal outcomes of the successful group were analyzed, followed by determination of the predictive factors affecting the success and failure of the obstetric outcome. They were defined as the successful group who delivered the live babies and the failure group who experienced abortion or stillbirth. Then we divided all cases into elective and emergency cerclage group. Lastly, we performed the analysis by comparing the effectiveness of elective and emergency cerclage group in prolonging the pregnancy, neonatal outcomes, and complica-Open Journal of Obstetrics and Gynecology tions.
Statistical Analysis
Data were analyzed using the statistical software package IBM SPSS Statistics 21.
Data were expressed as mean (M) ± standard deviation (SD) if normally distributed, and Independent sample t-test was used for statistical comparison. Non normally distributed data were expressed as Median (Range), and analysis was performed using Mann-Whitney-Wilcoxon test. Categorical variables are summarized by frequencies and percentages with P-values from a Fischer's Exact test and Chi-squared test wherever appropriate. A two-sided P value < 0.05 was considered to be statistically significant.
Results

Study Population
We recruited 104 patients undergoing cervical cerclage placement during the study period. After reviewing all medical records, 62 patients were enrolled in the inclusion criteria for analysis and 42 patients were excluded as demonstrated in Figure 1 . Among these 62 patients, 48 patients (77.4%) were allocated in the elective cerclage group and 14 patients (22.6%) in emergency cerclage group.
The clinical and demographic characteristics of 62 women in singleton gestation with cervical incompetence are summarized in Table 1 . At the time of cerclage placement, the mean maternal age was 30.42 ± 4.85 years (range: 20 -43 years), the mean gestational age was 16.2 ± 3.23 weeks (range: 12 -26.57 weeks), and the mean cervical length was 2.83 ± 0.90 cm (range: 0 -4.6 cm).
Neonatal Outcomes
The neonatal outcomes are displayed in Figure 2 .
In terms of mode of delivery, the proportion of cesarean section was higher than There were no severe maternal complications such as massive hemorrhage, hematosepsis, deep vein thrombosis, and maternal death, as demonstrated in Table 3 . 13 (20.97%) women experienced premature rupture of membrane. 2 (3.23%) women had cervical laceration and their babies were the stillbirth.
To corroborate the clinical features that could ultimately predict the pregnancy outcome, such as, maternal age, obstetric histories, cervical length and dilatation, gestation at cerclage and at delivery, pregnancy prolongation, preoperative leucocyte, postoperative CRP, PROM were analyzed and compared among women with successful (live births, n = 47) groups to those with failure (miscarriages, stillbirths, n = 15) groups as shown in 12.8% (6/47) vs. 46.7% (7/15) than those in failure groups which were statistically significant (P < 0.0001, P < 0.0001, P = 0.017, and P = 0.010 respectively).
Nevertheless, analysis of maternal age, obstetric histories, cervical length, cervical dilatation, gestation at cerclage, and preoperative leucocyte value showed no significant differences between the two groups (all P > 0.05).
Elective and Emergency Cerclage
Among the 62 cases, 48 (77.4%) cases were included in elective cerclage group Open Journal of Obstetrics and Gynecology Table 5 summarizes the results of the comparison of demographic data, clinical data, pregnancy outcomes, and neonatal outcomes between these two groups. Regarding demographic data, there were no differences in maternal age between these two groups (P = 0.944); but the emergency group had significantly fewer prior miscarriages (P = 0.028) and fewer number of gravidity (P = 0.014) than the elective group.
In terms of clinical data, cerclage was placed at a mean of 15.04 ± 1.25 weeks in the elective group and significantly later (P = 0.001) in the emergency group (mean: 20.15 ± 4.64 weeks). In elective cerclage group, the mean cervical length before insertion of the cerclage was significantly longer (3.16 ± 0.63 cm vs. 1.90 ± 0.91 cm; P < 0.0001) and the mean cervical dilatation was significantly narrower (0.40 ± 0.00 cm vs. 1.73 ± 0.60 cm; P < 0.0001) as compared to those of emergency group. The emergency group had significantly higher postoperative CRP value (P = 0.047) than that of the elective group, but no significant differences were found regarding preoperative leucocyte count value (P = 0.255). Regarding pregnancy outcomes, as anticipated, pregnancy prolongation was significantly more (P = 0.014) in the elective group with the median of 21 weeks (range: 1 -27 weeks) compared to that of the emergency group with the median of 11.65 weeks (range: 1 -25 weeks). However, no significant differences were found either in gestational age at delivery or in the frequency of premature rupture of membranes (P > 0.05).
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As shown, there were no significant differences in the neonatal outcomes between the emergency and the elective groups, such as live birth rate, term birth rate, fetal death rate, neonatal hospitalization rate, live neonatal weight, and Apgar score at 1 min (all P > 0.05). However, only the Apgar score at 5 min showed significantly higher score in the elective group than that of the emergency group (P = 0.042).
Discussion
Efficacy and Safety of Transvaginal Cervical Cerclage
The majority of our patients had experienced 1 -7 miscarriages. Many studies [12] [13] approve that excessive dilatation of the cervix for therapeutic or induced abortions may cause cervical incompetence, while others disapprove [14] .
Our patients also had cervical shortening, cervical dilatation with bulging of fetal membranes. And it is believed that once cervical dilatation has occurred, the risk of exposure of the fetal membrane to vaginal bacteria, and inflammatory like process responsible for the cervical ripening and onset of contraction ensue, [17] . A very large proportion (80.9%) of newborns with birth weight ≥ 2500 g is in full correlation with the increase of term delivery (55.3%). In our study, the high rate (70.2%) of cesarean section was mainly due to patient's requirements, breech presentation, and an attempt to prevent preterm delivery (particularly in cases of premature rupture of membranes). Waloch M et al. [18] reported that the possibility of having a mature baby in the group with lesser previous abortions (<2 previous abortions) was significantly higher than the group with a higher number of previous abortions which contradicts to our findings where there were no significant differences between both groups (P > 0.05, Figure 3 ).
There is evidence that the cerclage can provoke uterine contractions [19] [20], therefore it is recommended to administer tocolytics postoperatively. In 
Predictive Factors of Success and Failure (as Shown in Table 4)
In the present study, we found that postoperative CRP value, premature rupture of membranes, gestational age at cerclage, and gestational age at delivery were closely associated with pregnancy outcomes. Our results indicated that possibly due to alteration in vaginal/cervical flora after the cerclage procedure, the incidence of premature rupture of membrane and the risks of infection increases that subsequently lead to clinical/subclinical chorioamnionitis as demonstrated by statistically significant higher post-operative CRP value in failure group.
These findings were consistent with the findings of Kobayashi M et al. and Minakami H et al. [26] [27]. There was no statistical difference in preoperative leucocyte count which highlights that infection before cerclage doesn't have an impact on neonatal outcomes if we treat them preoperatively. We also found that the higher postoperative CRP value decreases the duration of pregnancy prolongation and hence the chance of earlier delivery or failure increases [28] . Thus, postoperative CRP value is the strongest predictors with high sensitivity for the failure of cerclage and required to be monitored cautiously after cerclage for the better pregnancy outcome.
Elective and Emergency Cerclage (as Shown in Table 5)
Considering the heterogeneity of the elective and emergency cerclage population, we analyzed each group independently so that the results would be more applicable to a specific high-risk population. On evaluating the demographic data, the emergency group had fewer prior miscarriages which are in accordance with the findings of Kurup et al. [29] but differed from Latta and McKenna [30] .
Our study reported that the mean gestational age at cerclage in the elective in the monitoring of women. However, this study is limited by its retrospective design, which can result in selection and information bias. Since it is a single center study, the sample size is too small for definitive conclusions. Therefore, our findings cannot be generalized to all patients with cervical incompetence, and a large prospective randomized controlled studies are recommended to confirm these findings with the inclusion of different maternal parameters and advanced laboratory techniques.
Conclusion
The 
